The study evaluated the trend of hospitalization for ischemic stroke (HIS) and its hospital mortality in Brazil over the last 15 years as well as the impact of the Hiperdia program in this scenario. Methods: An ecological study was designed with analytical approach and data collected in the Hospital Admission System on episodes of stroke, over the years 1998 to 2012. All data were stratified by sex and age, creating an indicator for HIS and proportion of hospital mortality. To estimate the trend of the data a polynomial curve fitting was created; and the Generalized Linear Model was applied to investigate the impact of Hiperdia on the endpoint HIS and hospital mortality. We adopted a 5% significance level to minimize an error type I. Results: We observed a reduction of HIS from 37.57/10 5 inhabitants in 1998 to 2001 to 10.33/10 5 inhabitants in 2002 to 2005, declining 73.64%. The reduction occurred in both sexes and for all age groups. The mortality rate of ischemic stroke also declined in Brazil since 2002, in both men and women, therefore in less than 3%; and only in the groups aged between 0 and 14 and above 80 years, we did not detect trend. Conclusion: Therefore, the decline of HIS temporally coincided with the implementation of Hiperdia in 2002 and this trend continues today.
INTRODUCTION
The stroke occurs by dysfunctions in the cerebral blood flow 1 , being classified as hemorrhage or as ischemic. The ischemic stroke (IS) is the most frequent and morbid one, occurring in 80% of the cases, whereas the hemorrhagic stroke is more rare, resulting, however, in greater mortality 2, 3 . Most individuals survive the IS 2 , but the resulting sequelae have repercussions on the functional capacity and in the quality of life, resulting in a great impact on the health systems and social security. In Argentina and Brazil, in 2011, approximately US$ 900 million were spent with hospital care to patients hospitalized with stroke 4 . In developed countries, it is estimated that 1 in every 20 adults will be a victim of stroke, exceeding the incidence of acute coronary diseases in the near future [5] [6] [7] . In the recent 4 decades, there was a decrease of 42% in the incidence of stroke in high-income countries and an increase in the medium-income countries 8 . Within these last ones, it is observed higher post-stroke mortality 8 , suggesting influence of the primary services of urgency/ emergency and intensive care [9] [10] [11] . However, in general, the incidence and mortality rates related to stroke have decreased worldwide 10 .
In the United States, 795 thousand people are affected by strokes each year 5 . In Latin America, the disease is the main cause of morbidity and mortality, especially in Brazil 11, 12 . By 2020, it is estimated that the stroke and the coronary arterial disease will be, together, the main causes of lost of years of life 13 . Interestingly, Feigin et al. 8 and Heuschmann et al.
14 observed regional differences in Europe as for the incidence of stroke, being lower in Eastern European countries, a fact probably related to the implementation of fight and control measures of risk factors such as hypertension, diabetes mellitus (DM), atrial fibrilation, physical inactivity, and smoking 8, 9, 15 . In 2002, it was implemented in Brazil the national assistance program for people with high blood pressure (hypertension) and DM, called Hiperdia, which consists in the continuous monitoring of such patients, with the basic health units of the Unified Health System (Sistema Único de Saúde -SUS), with the supply of drugs and the promotion of healthy life habits 16, 17 . Despite its existence for more than a decade, there are still no studies estimating the effects of the implementation of Hiperdia nationwide about the most common outcome of cerebrovascular events, which is hospitalization by IS. The estimation of this event sets in the main indicator of result that evaluates directly the effects of preventive assistance to this morbidity. On the other hand, the proportion of hospital deaths by IS after medical care is an indicator of health-care quality of emergency/pre-and intra-hospital emergency services.
Thus, there are two guiding questions for this research: do hospitalization by IS and its hospital mortality have any trends between 1998 and 2012? If so, did the Hiperdia change this trend? Considering that, the IS is a potentially preventable event, unlike the hemorrhagic one, it will be used in the estimates of incidence and hospital mortality indicators. Therefore, the objective of the present study was to measure the historical trends of hospitalizations by IS and their hospital mortality in Brazil between 1998 and 2012, under the hypothesis of a possible impact of Hiperdia in this time period.
METHODS
It was made an ecological study of the time period and an analytical approach between the years of 1998 and 2012. The information covers all the federal units (FU) in Brazil. For the study of hospitalization by IS, the Hospital Admission Authorizations due to this disease were observed. As it is a study made with secondary and aggregate data from the information systems, without personal identification, open to public consultation, not leading to the identification of those who used the hospital services of SUS, it is unnecessary the evaluation by the Ethics Committee.
The diagnosis of IS was established according to Chapter VI of nervous diseases in the tenth version of the International Classification of Diseases, whose identification code is G45.9 and grouped as follows: the vertebrobasilar artery syndrome, carotid artery syndrome (hemispheric), multiple and bilateral precerebral artery syndromes, amaurosis fugax, spasm of cerebral artery, and transient cerebral ischemia.
The data were collected in the Hospitalization System of the Unified Health System and overall hospital morbidity by place of residence. The demographic data of populational estimates were collected in the function of demographic and socioeconomic information of the same database.
There was stratification of the data, according to the FU, gender (male and female) and age (0 to 14; 15 to 19; 20 to 29; 30 to 39; 40 to 49; 50 to 59; 60 to 69; 70 to 79; and older than 80 years old). Thus, it was determined the HIS rate in relation to the estimated population for the year of the study, simplifying them by a power of 10 5 inhabitants. The proportion of hospital mortality was defined between the number of deaths by HIS in the hospitals affiliated to SUS and the total of HIS, also stratified by gender, age range, and FU.
For the analysis of the data trends, it was used a model of polynomial regressions, due to its high statistical power and greater ease of interpretation 18 . These models have the objective of finding the best curve to adjust the data, relating the outcome variable, HIS rate, and mortality (Y), with the independent variable year of study (X). We considered the following models of polynomial regression:
• linear (1 st order):
It was characterized as β0 is the mean outcome observed in the period regardless of the year, and β1, β2, and β3 are the regression coefficients, which inform the annual mean evolution. Its signal determines the growing trend (+) or decreasing trend (-) of the outcome. The term ε represents the residue not explained by the equation. The choice of the model depended on the analysis of the residues in the scatter diagram and the adjusted determination coefficient (R 2 ). As there are two similar models, it was chosen to use the simplest one, the one of lower order.
To avoid the serial correlation between the terms of the regression equation, it was chosen not to use the gross values of the years, but instead the difference between the year and the midpoint of the historical series. Therefore, for the period between 1998 and 2012, the term (X -2004) represented the independent variable. For example, for the linear model: YT = β0+ β1 (X -2004), where: YT = incidence rate/mortality; X = year; β0 = HIS/ mean mortality in the period; and β1 = annual evolution average.
After establishing the best model for the outcomes, it was performed that the comparison of the proportional evolution results ( The Generalized Linear Model (GLM) was used to verify the impact of the Hiperdia program on the trend of hospitalizations and hospital mortality by IS in Brazil, by considering the best curves of adjustment are linear equations, as well as the data residue, have average distribution and do not reveal seasonality in their distribution. This way, it was created an independent variable called Hiperdia contact with the levels before 2002 and after 2002. When adding it to the model through the linear connection function, it would be possible to reveal the existence of Hiperdia impact in the trends of the data and the observation of the sign g regression coefficient, which would allow the identification of the effect of the program. Which would have a statistically significant difference between the equation generated and the intercept through the method of maximum likelihood, as well as the significance of the regression coefficients by the -2 Wald test. We used the SPSS ® (version 20.0; IBM ® , Inc.) for the adjustment of the polynomial curves and for the construction of the GLM. A significance level of 5% was observed to minimize a type I error in the processes of adherence to the modeling curves.
RESULTS
A decline in the HIS was observed from 2002 onward. The average incidence of HIS in the time period was estimated at 12.6/10 5 inhabitants ( The data also revealed a decline in the HIS in all age groups (p < 0.01). However, it is highlighted the higher rate of hospitalization within the older age groups, especially from the fourth decade of life, presenting an annual mean of 9.83 (40 to 49 years), 19 (Table 1) . Table 2 As for the age ranges, it was observed stability between 0 and 14 years of age and from 80 years of age onward (p > 0.05). Within the other ranges, there was a statistically significant decrease in mortality (p < 0.05) and the mean hospital deaths proportion by IS varied from 8% to 14% with the increasing age ( Table 2) . Table 4 presents the GLM to estimate the Hiperdia impact on the trend of the data, where a decline in the HIS (B = -28.71; p < 0.001) was identified with the inclusion of the variable Hiperdia impact in the model. It is also highlighted that the model without the inclusion of the Hiperdia explained only 44.0% (R 2 = 0.44) of the trend and after its inclusion it showed explanatory power of 98% (R 2 = 0.98) in the reduction of HIS, a difference of 54%. On the other hand, hospital mortality seems not to be influenced by the program (B = -0.62; p = 0.19). The variance explained by the model with only the temporal independent variable was 66.0% (R 2 = 0.66) and after the inclusion of the variable Hiperdia impact it only explained 70% (R 2 = 0.70), which equals to an increase of 4% (Table 4) .
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DISCUSSION
Large scale studies on the occurrence of IS and its hospital mortality are incipient in Brazil. For the most part of them, they are restricted to local populational epidemiological studies. The present study covers the entire national territory and uses an information system of relevance for the monitoring of the studies outcomes, allowing to evidence pronounced reductions in the HIS from 2002 onward, year of implementations of the Hiperdia program. On the other hand, hospital mortality, despite its significant decreasing trend, reveals trivial value in epidemiological application and health management.
A study carried out in Chili revealed IS incidence of approximately 47/10 5 inhabitants a year , in the mid-1980s. The way inferior rates of HIS in Brazil in comparison to countries such as Italy portray the demographic transition that already occurred in the country, whose greater proportion of older people increases the occurrence of cerebrovascular events as will be discussed ahead. And as Belgium, Brazil started outlining preventive measures of great impact.
The differences between developed and undeveloped countries are related, probably, to the management of risk factors such as hypertension, diabetes, and smoking 20, 21 . Liu et al. 15 revealed a decrease of 21.4% in the incidence of stroke in 4 years in China between 1992 and 1995. A study carried out in the city of Oxford revealed a decline of 40% in the incidence of stroke between 1981 and 2004, after the implementation of preventive and educational measures in the fight against risk factors such as hypertension 22 . In Japan, no significant changes were reported in the incidence of IS between 1988 and 2004 23 , probably due to secular lifestyle that favors longevity with quality of life and low rates of cerebrovascular events in this Asian country.
In Brazil, we see a decline of more than 70% in the HIS right after the execution of the assistencial program to hypertensive and diabetics in 2002. Such health policy allowed the control of blood pressure and of glucose through the use of drugs and strategies to changing lifestyle habits 16, 17 . Probably, the fall in HIS in Brazil is due to these preventive measures that mitigate the modifiable risk factors of great impact in the occurrence of the disease 24, 25 . Feigin et al. 8 state the importance of the immediate launch of prevention programs, control of blood pressure, and above all tobacco control interventions, at populational and individual levels, along with improvements in the access to primary health care in low-income countries.
However, a common modifiable factor, the stress, caused by work and the daily life of people and which has a strong relation with hypertension 26 is not the strategical focus of the fight of health services, maybe due to its being a behavioral effect influenced by many determinants such as socioeconomic, educational, and cultural levels, not restricted to the biological one 27 , requiring a joint action of multisectoral policies that change the life realities. In the present study, it was observed that the HIS is similar among men and women, as well as the downward trend. Leite et al. 12 also did not find the disparity between men and women with sequelae by stroke in a research carried out in Basic Health Units, a fact also highlighted by Heuschmann et al. 21 in London. This contributes to confirm there is no need to develop a strategy directed to the specific subpopulation of men and women regarding the measure of therapeutic adherence and behavioral change.
It is revealed in Brazil a progressive increase of the HIS after 40 years of age. Elderly aged 80 years old or older are almost 20 times more likely to have a stroke than those who are 40 to 49 years old. Heuschmann et al. 14 identified that the incidence of stroke worldwide also increases progressively each decade of life, as well as Liu et al. 15 and Palm et al. 28 . In this situation, differently from the issue raised for gender, it seems important to develop actions with a different focus for the age ranges from the fourth decade of life on as for the treatment, as well as the lifestyle.
When analyzing the Brazilian FU, there was a decrease in the incidence of HIS on most of them, being Goiás, Roraima, and Ceará are the most stable ones. Such fact may be related to the assistencial quality of the Hiperdia, to the low hospital assistance in these FU or even to problems related to the quality of SIH/SUS in these states.
There seems to be no regionalization in the reduction of hospitalizations, considering that we verified a decline in the incidence of HIS practically in all FU and the Hiperdia is a nationwide program. However, for a greater understanding of the characteristics of the program, which have greater impact in the decline of the IS, it is necessary a deeper analysis if the indicators of structure and process of this program, which was not our objective in this study. This, maybe, will potentialize the effects of the program, such as coverage and adhesion, when identifying fragility in its working.
In relation to the findings of the proportion of hospital mortality, there was observed a statistically significant slight decrease, though trivial from the epidemiological point of view. Thus, it is a strong thought that the Hiperdia did not change the profile of hospital mortality by IS. Such scenario may occur, once that the program has the objective of acting in the prevention of the cerebrovascular events and, once occurring the IS, it would need pre-and intra-hospital assistance in time and quality for the resolution or minimization of the damage, such as death. Therefore, the reduction of hospital mortality is more related to the quality of the emergency support to the ones affected by the IS, once that immediate actions of early diagnosis and thrombolytic therapy reduce deaths and the severe sequelae.
On the other hand, overall mortality by stroke reduced, as shown by Garritano et al.
11
, who identified a decline in the mortality rate by stroke between 2000 and 2009 in Brazil. Unlike the findings of the present study, overall mortality has a direct influence on the control actions of modifiable risk factors, which is a direct reflex of the reduction of new cases.
Regarding the quality of pre-hospital assistance, Machado et al. 29 highlighted the failure of Emergency Mobile Care Service (Serviços de Atendimento Móveis de Urgência -SAMU) in a survey carried out in Brazil. Only 20.5% of the municipalities have this service, also having inappropriate support to the detection of acute IS and a small number of vehicles. It was also observed that all the FU that have more than 80% of the population covered by the SAMU have declined HIS mortality. Luz et al. 30 showed that the coverage of the Family Health Strategy and the presence of a SAMU influenced the mortality by stroke in the FU of Minas Gerais, the first one by prevention of the occurrence and the second one by the 31 verified that the cases of IS admitted in hospitals are from emergency services such as the SAMU with lower time of neuroimaging entry-diagnosis and also higher frequency of thrombolytic therapy.
Another relevant aspect in hospital mortality by IS is the existence of services of the radiological diagnosis. In the case of the IS, the performing of computerized tomography (CT) allows the rapid and acute diagnosis of its existence. Rolim 32 observed the importance of performing a tomography during hospital admission for the diagnosis and reduction of mortality by IS. Rolim and Martins 33 also mentioned that only 22.3% of hospitalizations by stroke in Brazil performed CT scans. Rink and Khanna 34 also considered that the practically stable mortality may be related to inadequacy of hypertensive therapies in controlling, in some situation, the blood pressure and also the lack of hospital measures to reverse the ischemic condition.
In the present study, it was observed an increase in the mortality directly related to the increasing age, in both gender, corroborating the results of Lui et al. 15 . Chen et al. 35 observed that the mortality by stroke among young people has been kept stable in both lowand high-income countries. The stability here observed among individuals between 0 and 14 years of age may be explained by the difficulty of diagnosis of stroke among children 36 and, therefore, the absence of timely clinical decision making to reverse the case. In turn the instability in mortality of elderly aged 80 years old or older, it raises the possibility that these individuals have great vascular fragility and that small cerebrovascular events already produce significant deterioration of the nervous system, which makes the containment strategies little efficient for ongoing cerebrovascular events. Among all the Brazilian FU, Roraima stands out, which showed stable trends for the proportion of hospital mortality as in the incidence of HIS. It is suggested that the low hospital assistance of these FU may be the source of such stability or even low quality of the SIH/ SUS in the state health system. In general, Fernandes et al. 37 verified the non-existence of mortality by stroke among hospitals in Northeast and Southeast Brazil.
Our study analyzed the evolution of IS in Brazil within the last 15 years through the HAA in SUS. As a result, the are some limitations, namely: despite the hospitals accredited by SUS covering around 80% of hospitalizations in the country, there is a considerable portion of the population, which is assisted by health insurance, not entering the statistics of the SIH; the indicators of structure and Hiperdia process were not analyzed, to estimate the influence of such components is more relevant to mitigate the occurrence of IS. However, these limitations do not minimize the plausibility of studies that used the SIH as a data source, as this is a mean to indirectly evaluate the assistencial quality of the services of primary care as well as hospital care, directly 38 .
CONCLUSION
There was a sharp decline in the incidence of HIS in Brazil for all age ranges and gender, as well as there is no regionalization in the event of HIS, coinciding with the implementation of Hiperdia from 2002 onward. However, we did not observe a decrease in hospital mortality in the same magnitude, maybe due to its being dependent of measures to improve the system of emergency support.
